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(57)Abstract 

PURPOSE: To eliminate compensating steering for 
disturbance such as lateral wind, etc., during travelling in 
straight forward direction by predicting a change in vehicle 
behavior due to disturbance which can be calculated from a 
lateral acceleration acting on a vehicle and a lateral 
component of inertia force and calculating a compensated 
steering angle necessary to cancel its change. 
CONSTITUTION: In a disturbance lateral g controller 18 into 
which the output signals from various sensors for detecting 
the operating conditions of a vehicle during the travelling 
are input, a lateral g caused by disturbance is calculated 
1 8b from a tire steering angle, a lateral acceleration, a 
lateral direction component of an inertia force acting on a 
vehicle body. Also a compensation steering angle required 
to predict a change in vehicle behavior based on a lateral g 
due to this disturbance and to cancel the change is 
calculated 1 8c. Based on the calculated results, an electric 
motor of a transmissibility variable control device 9 is driven 
to cancel a variation in vehicle behavior due to disturbance. 




In addition, a compensation amount of steering assist force required to cancel a steering reaction 
caused when the electric motor 14 is rotated is calculated 18e. Based on the calculated results* an 
electric motor for steering 6 is driven. 
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CLAIMS 



[Claim(s)] 

[Claim 1] For the steering system from a steering wheel to a steering gearbox In the car equipped with 
the transmissibility adjustable control unit which controlled transmissibility in adjustable by consisting 
of an electric motor made to rotate one gearing in two or more gearings, such as an epicyclic gear drive, 
and these two or more gearings, and rotating this electric motor The disturbance horizontal g calculation 
circuit which asks for the lateral acceleration by disturbance by the operation from the lateral 
acceleration computed from a tire steering angle and the vehicle speed, and the longitudinal direction 
component of an inertia force which acts on a car body, The disturbance horizontal g controller which 
consists of an amendment steering angle calculation circuit which searches for an amendment steering 
angle required to predict change of the car behavior based on the lateral acceleration by the disturbance 
which this disturbance horizontal g calculation circuit computed, and negate the change by the operation 
is formed. Steering control equipment for cars with which tiie amendment steering angle calculation 
circuit of this disturbance horizontal g controller is characterized by rotating the electric motor of a 
transmissibility adjustable control unit based on the amendment steering angle searched for by the 
operation, and negating change of the car behavior based on the lateral acceleration by disturbance. 
[Claim 2] In what prepared the power power steering system which gives the steering auxiliary force to 
a car according to claim 1 The amendment **** calculation circuit which calculates the amount of 
amendments of the steering auxiliary force required to negate the steering reaction force generated when 
the above-mentioned amendment steering angle calculation circuit rotates the electric motor of a 
transmissibility adjustable control unit based on the amendment steering angle searched for by the 
operation by the operation is prepared to the above-mentioned disturbance horizontal g controller. 
Steering control equipment for cars with which the amendment calculation circuit of this 
disturbance horizontal g controller is characterized by negating the steering reaction force which a 
power power steering system is operated based on the amount of amendments of the steering auxiliary 
force searched for by the operation, and is generated according to the above-mentioned amendment 
steering angle. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2F\^^ 1/10/2005 



Page 1 of 6 



* NOTICES * 




JPO and NCZPX are not responsible £or any 
damages caused fay the use of this truslation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the steering control equipment for automobiles. 
[0002] 

[Description of the Prior Art] What adopted the equipment which makes a steering gear ratio adjustable 
as a power steering system of an automobile according to a steering angle is already put in practical use 
variously conventionally, and the steering gear ratio adjustable power steering system of a vehicle speed 
induction mold is also exhibited in JP,6 1-92964, A etc. 

[0003] moreover, they are a cross wind, a ramp, and ** — even if a driver does not steer the disturbance 
by road surface configurations, such as ****, at the time of a carrier beam, it is known widely that 
improvement in stability of a car can be aimed at by performing active steering for a tire by the external 
input (for example, refer to before [ a Society of Automotive Engineers of Japan scientific lecture 
meeting ] ** collection 901 1990-5 N No. 0.901038). 
[0004] 

[Problem(s) to be Solved by the Invention] By the steering device of the conventional firont-wheel direct 
coupled type, the steering torque to which the reaction force by active steering is transmitted to a 
steering wheel, and differs fi-om the volition of a driver occurs, and it has the technical problem that 
sense of incongruity will be given to a driver. Then, by using a transmissibility adjustable control device 
and the power power steering system which gives the steering auxiliary force in this invention, while 
performing active steering, preventing change of the car-body behavior by disturbance, such as a cross 
wind, and releasing an operator firom the burden of correction steering, it aims at providing the 
equipment which lost the effect of the steering reaction force to the steering wheel expressed with 
torque, rudder angle change, etc. 
[0005] 

[Means for Solving the Problem] This invention for the steering system firom a steering wheel to a 
steering gearbox In the car equipped with the transmissibility adjustable control unit which controlled 
transmissibility in adjustable by consisting of an electric motor made to rotate one gearing in two or 
more gearings, such as an epicyclic gear drive, and these two or more gearings, and rotating this electric 
motor The disturbance horizontal g calculation circuit which asks for the lateral acceleration by 
disturbance by the operation fi-om the lateral acceleration computed fi-om a tire steering angle and the 
vehicle speed, and the longitudinal direction component of an inertia force which acts on a car body. 
The disturbance horizontal g controller which consists of an amendment steering angle calculation 
circuit which searches for an amendment steering angle required to predict change of the car behavior 
based on the lateral acceleration by the disturbance which this disturbance horizontal g calculation 
circuit computed, and negate the change by the operation is formed. The amendment steering angle 
calculation circuit of this disturbance horizontal g controller is characterized [ 1st ] by rotating the 
electric motor of a transmissibility adjustable control unit based on the amendment steering angle 
searched for by the operation, and negating change of the car behavior based on the lateral acceleration 
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by disturbance. In what prepared the power power steering system which gives the steering auxiliary 
force to the above-mentioned car The amendment **** calculation circuit which calculates the amount 
of amendments of the steering auxiliary force required to negate the steering reaction force generated 
when the above-mentioned amendment steering angle calculation circuit rotates the electric motor of a 
transmissibility adjustable control unit based on the amendment steering angle searched for by the 
operation by the operation is prepared to the above-mentioned disturbance horizontal g controller. The 
amendment **** calculation circuit of this disturbance horizontal g controller is characterized [ 2nd ] by 
negating the steering reaction force which a power power steering system is operated based on the 
amount of amendments of the steering auxiliary force searched for by the operation, and is generated 
according to the above-mentioned amendment steering angle. 
[0006] 

[Function] While carrying out automatic steering and aiming at improvement in transit safety by the 
above so tiiat change of the car behavior accompan5dng it may be canceled to disturbance, such as a 
cross wind and a road surface condition (a wander ring and nibbling), it can prevent giving an operator 
the feeling of the different sum at the time of steering by negating the steering reaction force 
accompanying this automatic steering. 
[0007] 

[Example] Drawing 1 is the general drawing showing the example of this invention, and input shafts, 
such as a steering shaft by which, as for 1, the end was combined with the steering handle, and 2 are the 
power shafts by which the end was combined with the pinion shaft of a rack-and-pinion type gearbox, 
between this input shaft 1 and power shafts 2 — a predetermined include angle (for example, 30 
degrees), while the engagement section 3 for stoppers to fix is formed, when it rotates in revolution 
relatively In the above-mentioned input shaft 1, it is steering angle thetaH. And steering angular-velocity 
omega H The steering angle sensor 4 to detect. Steering torque TH It is prepared in the downstream 
from the steering torque sensor 5 to detect and this steering torque sensor 5, and is the steering torque 
TH. Gearing la for PAWASU tearing which gears to the electric motor 6 of the electromotive 
PAWASU tearing equipment which performs the PAWAA cyst which responded. Gearing lb which 
gears with input-side gearing 9a prepared in the periphery of the epicyclic gear carrier 9 which 
constitutes the below-mentioned transmissibility adjustable control unit 9 is prepared. In the above- 
mentioned power shaft 2, it is real tire side steering angle thetaS. Steering angle rate omega S The 
steering angle sensor 7 to detect, Actual load torque TT Gearing 2a which gears with the **** torque 
sensor 8 to detect and output side gearing 1 la prepared in the periphery of the output side flywheel 
starter gear 1 1 which constitute the transmissibility adjustable control unit 9 is prepared. 
[0008] 9 is a transmissibility adjustable control unit. This transmissibility adjustable control xmit 9 The 
q>icyclic gear carrier 10 equipped with input-side gearing 10a which gears with gearing lb prepared in 
the above-mentioned input shaft 1, The output side flywheel starter gear 1 1 equipped with internal-gear 
1 lb which gears with epicyclic gear 10b supported by output side gearing 11a which gears with gearing 
2a prepared in the above-mentioned power shaft 2, and the above-mentioned epicyclic gear carrier 10 
rotatable, While having extemal-gear 12a which gears with epicyclic gear 10b supported by the above- 
mentioned epicyclic gear carrier 10 rotatable, sun gears 12 by which gear association was carried out are 
consisted of through the reversible revolution gear device 13 by the electric motor 14 for transmissibility 
adjustable control. 15 is angle-of-rotation thetaE of the sim gear 12 of the transmissibility adjustable 
control unit 9. It is the angle-of-rotation sensor to detect. 

[0009] Since the car equipped with above transmissibility adjustable control unit and electromotive 
PAWASU tearing equipment is well-known, the detail of the control mode is omitted. 
[0010] In the car equipped with the above transmissibility adjustable control xmits and electromotive 
PAWASU tearing equipment this invention While performing active steering and preventing change of 
the car-body behavior by disturbance, such as a cross wind Sensor digital-disposal-circuit 18a which 
digitizes the sensor signal from each sensor of steering angle sensor 4 grade for the disturbance 
horizontal g controller 18 which lost the effect of the steering handle of the above-mentioned active 
steering. Disturbance horizontal g calculation circuit 18b which asks for the lateral acceleration by 
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disturbance by the operation from the lateral acceleration computed from a tire steering angle and the 
vehicle speed, and the longitudinal direction component of an inertia force which acts on a car body. 
Amendment steering angle calculation circuit 1 8c which asks for an amendment rudder angle required to 
predict change of the car behavior based on the lateral acceleration by the disturbance which this 
disturbance horizontal g calculation circuit 18b computed, and negate the change by the operation, 18d 
of amendment steering angle actuators which drive tiie electric motor 14 of the transmissibility 
adjustable control xmit 9 based on the amendment steering angle which this amendment steering angle 
calculation circuit 1 8c computed, and negate change of the car behavior based on the lateral acceleration 
by disturbance. Amendment **** calculation circuit 18e which calculates the amount of amendments of 
the steering auxiliary force required to negate the steering reaction force generated when rotating the 
electric motor 14 of the transfer adjustable control xmit 9 based on the amendment steering angle which 
the above-mentioned amendment steering angle calculation circuit 18c computed by the operation. It 
constitutes from 18f of amendment **** actuators which negate the steering reaction force which drives 
the electric motor 6 of electric PAWASU tearing equipment based on the amount of amendments of the 
steering auxiliary force which this amendment **** calculation circuit 18e computed, and is generated 
according to an amendment steering angle. 

[001 1] Drawing 2 is the block diagram showing an example of the mode of disturbance horizontal g 
calculation circuit 18b, amendment steering angle calculation circuit 18c, and 18d of amendment 
steering angle actuators of operation. 

[0012] Namely, steering angle thetaS of the power shaft 2 which the steering angle sensor 7 detected It 
asks for the generating width g on count by the operation from the real tire side mdder angle delta 
obtained by doing a division by steering gear ratio N, and the vehicle speed V which the speed sensor 16 
detected and the car item registered beforehand. Next, it asks for the lateral acceleration (the disturbance 
width g is called below) judged to have generated according to disturbance as subtracted the generating 
width g on the above-mentioned count from this side g of the horizontal g sensor 17 which generates the 
output which is equivalent to a car body at lateral acceleration (Width g is called below) from the 
longitudinal direction component of an inertia force which acts on a mounting eclipse car body and 
shown in a degree type. 
[0013] 

[Equation 1] ^ 











A 




V : 




t 









[0014] Tire amendment rudder angle **delta required in order to negate the above-mentioned 
disturbance width g is expressed with a degree type. 
[0015] 
[Equation 2] 

AX-- 9'2-ArO-^AV^)t 
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[0016] When a steering wheel side is fixed, in order to give tire amendment rudder angle **delta, the 
revolution target angle of the sun gear 12 driven with the electric motor 14 of the transmissibility 
adjustable control unit 9 is given in a degree type. 
[0017] 
[Equation 3] 



[0018] Next, angle-of-rotation thetaE of the sun gear 12 which the angle-of-rotation sensor 15 detected 
so that the above-mentioned sun gear 12 might reach the above-mentioned revolution target angle 
According to a difference, actuation control by the electric motor 14 of the transmissibility adjustable 
control unit 9 is performed. 

[0019] If the electric motor 14 of the transmissibility adjustable control unit 9 is rotated at this time, 
since that reaction force will get across not only to a tire side but to a steering wheel side When the 
change in the steering torque by the above-mentioned reaction force gives an operator sense of 
incongruity or does not hold the steering wheel at all in case of as it is Since the load by the side of a tire 
is large, it not only separates firom the aim of a system, but a tire side serves as completely different 
actuation firom amendment of the tire rudder angle that only a steering wheel side will rotate according 
to reaction force without completely being steered, and the s^ise of incongruity to an operator generates 
it. 

[0020] So, in this invention, based on the amoxmt of amendments of the steering auxiliary force which 
amendment **** calculation circuit 18e computed so that the steering torque by the side of a steering 
wheel might be maintained at the value according to a steering wheel rudder angle, the electric motor 6 
of electromotive PAWASU tearing equipment is operated, and it is made to perform torque amendment. 
[0021] Drawing 3 is the block diagram showing an example of the mode of amendment **** calculation 
circuit 18e of operation. 

[0022] It is steering angle thetaS which the steering torque TH to which the steering torque sensor 5 
detected Block A, and the steering angle sensor 7 detected in drawing 3 . And since it is the part which 
shows the mode of usual electromotive PAWASU tearing equipment of operation which performs 
control of the assistant direction according to the vehicle speed by the electric motor 6, and the retum 
direction based on the vehicle speed V which the speed sensor 16 detected, detailed explanation is 
omitted. 

[0023] steering angle thetaH by the side of the steering wheel which the steering angle sensor 4 detected 
in Bl first in the block B which shows the mode of amendment **** calculation circuit 18e of drawing 
3 of operation Real tire side steering angle thetaS which the steering angle sensor 7 detected a radical 
[ fimction / as shows the steering torque equivalent to deflection to drawing 4 (A) / rudder-angle 
difference amendment torque ] — amendment steering torque **TH ****** ^ determines. 
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[0024] next, steering angular- velocity [ by the side of the steering wheel which the steering angle sensor 
4 detected in B-2 ] omega H a radical [ function / as shows the steering torque equivalent to a ratio with 
real tire side steering angle rate omegaS which the steering angle sensor 7 detected to drawing 4 (B) / 
rudder angle velocity ratio amendment torque ] — amendment steering torque **TH ****** — it 
determines. 

[0025] Next, the rudder angle difference amendment for which carried out the multiplication of the 
vehicle speed correction function which serves as smallness gradually, and it asked in the above Bl and 
B-2, and rudder angle velocity ratio amendment torque value are decreased as the continuous line or 
dotted line of drawing 4 (C) shows in B3 and B4 and the vehicle speed V serves as size, and it is made 
to correspond to change of the tire side **** torque by the vehicle speed. 

[0026] In next, B5 The vehicle speed V measured beforehand, real tire side steering angle thetaS, and 
actual load torque TT It is assumed on a radical that tire loaded condition is proportional to road surface 
coefficient of friction. The vehicle speed VI as shown in drawin g 4 (D) And V2 It considers as a 
parameter and is real tire side steering angle thetaS. Actual load torque TT over the standard-load torque 
TTB responded and decided The multiplication of the K micro of the tire load correction functions 
corresponding to the road surface defined by the ratio is carried out. The rudder angle difference 
amendment for which it asked in the above Bl and B-2, and rudder angle velocity ratio amendment 
torque value are decreased, and it is made to correspond to change of road surface coefficient of friction. 

[0027] The value adding the mdder angle difference amendment torque value and rudder angle velocity 
ratio amendment torque value which were amended using the vehicle speed correction function and the 
tire load correction fiinction corresponding to a road surface, respectively as mentioned above is further 
added to the value asked at the above-mentioned A blocks. By driving the electric motor 6 of 
electromotive PAWASU tearing equipment, the effect of the steering reaction force by the side of the 
steering wheel generated when amending the steering auxiliary force by this electric motor 6 and 
rotating the electric motor 14 of a transnussibility adjustable control unit can be lost. 
[0028] In addition, it cannot be overemphasized that it may be made to rotate an epicyclic gear carrier 
although the example which rotates the sun gear 12 of the transmissibility adjustable control unit 9 with 
an electric motor 14 in the above-mentioned example was shown, and a differential gear mechanism can 
be used instead of an epicyclic gear drive. 

[0029] Moreover, althou^ the example using electromotive PAWASU tearing equipment as a power 
power steering system was described, of course, things of arbitration, such as what combined the electric 
motor with the oil pressure controller or the oil pressure controller, may be used. 
[0030] 

[Effect of the Invention] In the car which equipped the steering system from a steering wheel to a 
steering gearbox with the transmissibility adjustable control unit as mentioned above according to this 
invention An amendment steering angle required to predict change of the car behavior based on the 
lateral acceleration by the disturbance searched for by the operation from the lateral acceleration 
computed from a tire steering angle and the vehicle speed and the longitudinal direction component of 
an inertia force which acts on a car body, and negate the change is searched for by the operation. While 
making unnecessary correction steering to disturbance, such as a cross wind at the time of rectilinear- 
propagation transit, by rotating the electric motor of a transmissibility adjustable control unit based on 
this amendment steering angle, and having negated change of the car behavior based on the lateral 
acceleration by disturbance The amoimt of amendments of the steering auxiliary force required to negate 
the steering reaction force generated when rotating the electric motor of a transmissibility adjustable 
control unit based on the above-mentioned amendment steering angle is calculated by the operation. By 
having negated the steering reaction force which a power power steering system is operated based on the 
amount of amendments of this steering auxiliary force, and is generated according to the above- 
mentioned amendment steering angle Generating of the steering reaction force by the side of a steering 
handle can be prevented, comfortable transit can be performed by insurance, and a thing with an easy 
configuration and effectiveness great conjointly practically may be brought about. 
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